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SUMMARY 

The r e s u l t  of A I S  "Venera-4" measurements are used f o r  
i n t e r p r e t i n g  r a d i o  astronomical ground observat ions.  I t  i s  
shown t h a t  r a d i o  astronomical d a t a  are i n  good agreement with 
t h e  model of Venusian atmosphere designed on t h e  b a s i s  of 
A I S  "Venera-4" da ta .  Water and w a t e r  vapour conten t  i n  t h e  
atmosphere of Venus is  est imated.  Some assumptions on t h e  
poss ib l e  phys i ca l  condi t ion  of  Venus are submit ted.  

* 
* * 

Studies  of Venus s t a r t e d  more than 300 years  ago. I n  1761 
M.V. Lomonosov discovered t h e  ex i s t ence  of an atmosphere of 
Venus. However, up t o  the  end of our  cen tu ry ' s  f i f t i e s  t h e  
knowledge accumulated about Venus d i d  n o t  match t h e  gene ra l  
r ap id  development of sc ience  and technology. I t  w a s  only estab- 
l i s h e d  t h a t  a t  t h e  l e v e l  of t h e  cloud l a y e r  t h e  temperature of 
t h e  atmosphere is  about 240°K and remains v i r t u a l l y  unchanged 
from day t o  n ight .  I t  w a s  also es tak l ' shed  t h a t  t h e  atmosphere 
of Venus has a high carbon dioxide content .  However, even such 
fundamental charac eristics of t h e  p l a n e t  as i t s  temperature,  

known. 
s u r f a c e  p r o p e r t i e s  f and pressure  i n  i t s  atmosphere remained un- 

This s c a r c i t y  of f a c t u a l  data r e s u l t e d  i n  var ious  hypothe- 
ses and phantas ies  with d i ame te r i ca l ly  oppos i te  suppos i t ion  as 
t o  t h e  ex i s t ence  on Venus of  a t o t a l  ocean o r  of an a r i d  d e s e r t ,  

A cons iderable  progress  i n  i n v e s t i g a t i o n s  of Venus w a s  
achieved i n  t h e  l a s t  t e n  yea r s  mainly through t h e  use of r ada r  
and radio astronomical  methods of i n v e s t i g a t i o n .  

Radio astronomical  i n v e s t i g a t i o n s  have shown t h a t  Venus has  
a dry and h o t  s u r f a c e  surrounded by a c o l d e r  atmosphere, Radar 
i n v e s t i g a t i o n s  of Venus made it p o s s i b l e  t o  determine t h e  ele- 
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ments of i t s  r o t a t i o n .  However, many problems of p l a n e t ' s  
physics ,  e s p e c i a l l y  of i t s  atmosphere, r-ned open. 
of t h e  l i m i t e d  p o s s i b i l i t i e s  of ground methods of i n v e s t i g a t i o n  
of Venus' atmosphere, t h e  data on i t s  composition, p ressure  and 
temperature were o f t e n  l i m i t e d  t o  very rough estimates. 

I n  v i e w  

A new stage i n  t h e  i n v e s t i g a t i o n  of Venus o r i g i n a t e d  with 
t h e  s u c c e s s f u l  descent  of t h e  Soviet automatic i n t e r p l a n e t a r y  
s t a t i o n  "Venera-4" i n  t h e  atmosphere of t h e  p l ane t .  I n  t h e  
course of t h i s  experiment, d i r e c t  measurements of temperature 
p r e s s u r e  and chemical composition w e r e  c a r r i e d  o u t  i n  t h e  atmos- 
phere of Venus f o r  t h e  f i r s t  t i m e  and unique s c i e n t i f i c  d a t a  
were obtained.  The r e s u l t s  of t h e s e  measurements are repor ted  
i n  [ 1 , 2 ] .  The s u b j e c t  of t h i s  ar t ic le  is  t h e  comparison of t h e  
r e s u l t s  of measurements of A I S  "Venera-4" with t h e  d a t a  of r a d a r  
and r a d i o  astronomical  ground measurements. 

ALTITUDE DISTRIBUTION OF TEMPERATURE 
AND PRESSURE I N  THE ATMOSPHERE 

A comparison with t h e  d a t a  of r a d i o  astronomical and radar 
measurements of Venus and t h e  s o l u t i o n  of  a number of o t h e r  
problems n e c e s s i t a t e s  t h e  knowledge of t h e  a l t i t u d e  d i s t r i b u t i o n  
of temperature and p res su re  i n  t h e  atmosphere of t h e  p l ane t .  
The measurement d a t a  of AIS "Venera-4" y i e l d  such a d i s t r i b u t i o n  
f r o m  t h e  p l a n e t ' s  su r f ace  up t o  t h e  a l t i t u d e  of 28 k m  [I]. W e  
have determined t h e  d i s t r i b u t i o n  of temperature and pressure  
f r o m  h = 28 km up t o  t h e  upper boundary of t h e  cloud l a y e r  by 
i n t e r p o l a t i n g  t h e  dependence p(T) obta ined  on t h e  b a s i s  of m e a -  
surement data ( i n  i n f r a r e d  r ays )  of temperature T = 240°K and 
p res su re  p = 0 . 1  atm obtained a t  t h e  l e v e l  of the  upper boundary 
of t h e  cloud l a y e r  [3,41 e For t y i n g  i n  a l t i t u d e ,  t h e  in t e rpo la -  
t i o n  curve p(T) (Fig.1) w a s  d iv ided  i n t o  a series of temperature 
i n t e r v a l s  AT. Within each i n t e r v a l  t h e  atmosphere w a s  assumed 

' t o  be po ly t rop ic ,  and consequently,  t h e  dependence log p = f (1og  T) 
w a s  assumed t o  be l i n e a r .  Then, on t h e  b a s i s  of t h e  i n c l i n a t i o n  
angles  of t h e  thus  sepa ra t ed  l i n e  segments w e  have determined t h e  
p o l y t r o p i c  exponent, equa l  t o  pg/BR, t h e  temperature g r a d i e n t  #3, 
and t h e  a l t i t u d e  Ah = AT/*#3 v a r i a t i o n  corresponding t o  t h e  s e l e c t e d  
AT. H e r e  p is  t h e  molecular weight,  9 is  t h e  g r a v i t a t i o n  accele- 
r a t i o n  on Venus and R is  t h e  u n i v e r s a l  cons tan t .  The a l t i t u d e  
of t h e  upper boundary of t h e  cloud l a y e r  w a s  found t o  be h,. = 40km. 
The d i s t r i b u t i o n s  of p ( h )  and T(h)  are i n  agreement wi th  those  
obta ined  on "MARINER-5" 151, provided t h e  r ad ius  of t h e  p l a n e t  
s u r f a c e  is 6085 km. The d i s t r i b u t i o n  of temperature and p res su re  
i n  the atmosphere fo r  h < 28 km which w a s  determined by an ana- 
logous method f o r  c o n t r o l  purpose i s  i n  good agreement with t h a t  
ob ta ined  i n  [l]. I n  t h e  region from 50 t o  90 km above the  cloud 
l a y e r ,  i .e.  from 90 t o  130 km above t h e  su r face ,  t h e  d i s t r i b u t i o n  



3 

Fig. 1 

Dependence of pressure  p on temperature T i n  ,he atmos- 
phere of Venus re la t ive t o  p re s su re  po  and temperature To nea r  
t h e  p l a n e t  su r f ace .  

S o l i d  l i n e )  "Venera-4"  d a t a ;  b r o k e n  l i n e )  c a l c u l a t e d  
d e p e n d e n c e  f o r  t h e  a d i a b a t i c  a t m o s p h e r e ;  c i r c l e )  m e a s u r e m e n t  
r e s u l t s  i n  i n f r a r e d ;  d a s h e d  l i n e )  r e s u l t  o f  i n t e r p o l a t i o n  
b e t w e e n  "Venera-4"  m e a s u r e m e n t s  a n d  m e a s u r e m e n t s  i n  i n f r a r e d .  

Fig.2 

D i s t r i b u t i o n  i n  h e i g h t  - h of t enpe ra tu re  T and p res su re  
p i n  Venus' atmosphere. 

S o l i d  l i n e s )  r e s u l t s  o f  "Venera-4"  m e a s u r e m e n t s  ; 
c i r c l e s )  d a t a  o f  m e a s u r e m e n t s  i n  i n f r a r e d ;  c r o s s e s )  r e s u l t s  o f  
R e g u l u s  e c l i p s e  m e a s u r e m e n t s ;  h )  a l t i t u d e  s c a l e  f o r  a h y p o t h e t i -  
c a l  mode l  w i t h  p o  = 50 a t m .  
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of temperature and pressure  w a s  determined on t h e  basis of 
t h e  observa t ion  data on t h e  Regulus e c l i p s e  [6 r 7 ]  processed 
f o r  a carbon d ioxide  atmosphere. The region between h = 40 
and h = 90 km w a s  assumed t o  be i so thermic  wi th  a temperature 
of 235OK. The a l t i t u d e  d i s t r i b u t i o n  of temperature and pres-  
s u r e  i n  t h e  atmosphere of Venus is thus  p l o t t e d  i n  Fig.2. 

COMPARISON W I T H  THE RESULTS O F  RADIO ASTRONOMICAL 
AND RADAR MEASUREMENTS 

I n  r e c e n t  y e a r s ,  as a r e s u l t  of numerous r a d i o  astronomical 
measurements, t h e  dependence on wavelenth of b r igh tness  tempera- 
t u r e  T,Q of Venus' i n t r i n s i c  radioemission w a s  i n v e s t i g a t e d  i n  
s u f f i c i e n t  d e t a i l  [4,8-101. T h e  most characteristic p e c u l i a r i t y  
of t h i s  spectrum i s  the  approximate constancy of T s o  i n  t h e  20 
t o  2 c m  wavelength range and i t s  s u b s t a n t i a l  decrease i n  s h o r t e r  
wavelenghts. Subsequently, it w a s  established 1111 t h a t  t h e  
high-temperature emission i n  the cent imeter  band o r i g i n a t e s  f r o m  
t h e  h o t  su r f ace  cf t h e  p l a n e t ,  and t h e  decrease i n  TRp i n  s h o r t e r  
wavelengths i s  due t o  t h i s  band's radiowave absorpt ion by a co lde r  
atmosphere. However, the  na tu re  of t h i s  absorbing agent  remained 
unclear .  According t o  var ious  hypotheses it could be a cloud 
l a y e r  c o n s i s t i n g  of drops of a "polar"  l i q u i d  ( f o r  i n s t ance ,  of 
supercooled w a t e r  or some hydrocarbons),  a d u s t  cloud, o r  a n i -  
t rogen atmosphere w i t h  p re s su re  of 100-200 atm a t  the  s u r f a c e ,  
etc.  The r e s u l t s  of A I S  "Venera-4" measurements make it p o s s i b l e  
t o  so lve  t h i s  problem unambiguously. Fig.3 shows t h a  computa- 
t i o n a l  dependences T ~ O  (7.1 which w e  have ca l cu la t ed .  The b r igh tness  
temperature w a s  deterntined by so lv ing  t h e  r a d i a t i o n  t r a n s f e r  
equat ion.  The absorp t ion  c o e f f i c i e n t  w a s  determined from t h e  
r e l a t i o n  

H e r e  a,  is  the nonresonance absorpt ion i n  carbon dioxide and 
w a t e r  vapour. According t o  1121 

According t o  [ 2 ]  , t he  con ten t  i n  CO, and w a t e r  vapours w a s  
assumed t o  be /GO, N 1, h , O  = 0,004. 
absorp t ion  i n  the w a t e r  vapour l i n e  X = 1,35 c m  equal  t o  

The q u a n t i t y  a r e s  is  the  resonance 
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The emissive power of the  p l a n e t  E = 1 - R was assumed t o  
be 0 .9  and i d e n t i c a l  over t h e  e n t i r e  disk, while t he  su r face  
w a s  assumed t o  be isothermic.  The c a l c u l a t i o n  w a s  carried o u t  
fo r  t h r e e  values  of the  su r face  temperature: Ts = 550°K, t h a t  i s  
equal  t o  t h e  temperature of t h e  near-surface p a r t  of t h e  atmos- 
phere,  T, = 600°K and 650OK. Comparison with t h e  r e s u l t s  of 
radio astronomical measurements p l o t t e d  i n  Fig.3 shows a good 
agreement between c a l c u l a t i o n  and experiment. 

The agreement e x i s t i n g  between experimental  and computa- 
t i o n a l  d s t a  f o r  t h e  atmosphere determined on the basis of AIS 
"Venera-4" measurements e l imina te s  t h e  n e c e s s i t y  of inc luding  
other agents  absorbing t h e  m i l l i m e t e r  radioemission and makes 
it poss ib l e  t o  estimate t h e  upper l i m i t s  of t h e i r  p o s s i b l e  con- 
t e n t .  Fig.4 shows the c a l c u l a t e d  s p e c t r a  of Venus' radioemis- 
s i o n  i n  t h e  presence of d rop le t - l i qu id  w a t e r  i n  t h e  cloud l a y e r .  

Calcu la ted  and measured dependences T,Q (a) 

The  calculation i s  made f o r  f c o 2  = 1, f = 0 . 0 0 4  a n d  t h r e e  
v a l u e s  o f  s u r f a c e  t e m p e r a t u r e :  H2 0 

1 )  f o r  Ts = 650'K; 2 )  f o r  Ts = 600°K; 
3 )  f o r  T, = 550'K; t h e  d a s h e d  c u r v e  

c o r r e s p o n d s  t o  t h e  h y p o t h e t i c a l  model w i t h  p,, = 50 a t m ;  t h e  d o t s  
a r e  t h e  m e a s u r e d  v a l u e s .  
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The c a l c u l a t i o n  of t h e  absorpt ion coefficient w a s  carried out  
on t h e  basis of t h e  approximate formula 

a g  = aMo/X2 

where M, is  t h e  w a t e r  conten t  of t h e  cloud and a i s  a c o e f f i -  
c i e n t  depending on temperature.  I n  t h e  -20 t o  20°C tempera- 
t u r e  range it can be approximated by t h e  a n a l y t i c  r e l a t i o n  a = 
= 2 , 2 - e ~ p [ 0 , 0 4 ( 2 7 3 ~  - TI]. I n  connection w i t h  t h e  dependence 
of absorp t ion  on temperature,  t h e  q u a n t i t y ,  

hs 

B = &I,,( h )  esp  [0,04 (373" - T ) ]  dh. 
hl 

r ep resen t s  t h e  parameter f o r  eva lua t ing  t h e  w a t e r  ab.undance i n  
t h e  l a y e r  l oca t ed  between t h e  a l t i t u d e s  h ,  and h,. 

Comparison of c a l c u l a t e d  s p e c t r a  f o r  B = 0.1;  0 . 3 ;  1; 3 and 
10 g/cm2 shows t h a t  B > 0 .3  g/cm2 is  n o t  i n  agreement w i t h  t h e  
r e s u l t s  of r a d i o  astronomical  measurements. For a th ickness  o f  
t h e  cloud l a y e r  of t h e  o rde r  of several k i lome te r s  t h i s  corres- 
ponds t o  the upper l i m i t  of t h e  mean water conten t  of t he  clouds 
of M o  < 0 . 1  9/cm3. 

Comparison w i t h  radio astronomical observat ion d a t a  i n  t h e  
v i c i n i t y  of X = 1,35 cm a l l o w s  us  also t o  m a k e  more p r e c i s e  t h e  
water  vapour con ten t  i n  t h e  atmosphere of Venus. To t h i s  end 
w e  have c a l c u l a t e d  t h e  spectrum fo r  two values  of t h e  r e l a t i v e  
water  vapour con ten t ,  namely fH = - 0 . 0 0 4  and 0 .002 .  The f a c t  
t h a t  on X = 1.35 cm a decrease f n  T B g ,  pred ic t ed  i n  c a l c u l a t i o n s ,  
was absent  i n  the  major i ty  of r ad ic~  -stronomical measurements, 
shows t h a t  i n  t h e  atmosphere of Venus the  water  vapour con ten t  
i s  closer t o  t h e  l o w e r  l i m i t  ( 0 . 1 % )  than t o  t h e  upper l i m i t  
(0 .7%)  determined on the basis of A I S  "Venera-4" measurements. 

W e  have a l s o  c a l c u l a t e d  t h e  r a d i o  b r igh tness  d i s t r i b u t i o n  
over the  d i s k  of Venus. I n  t h e  1 . 9  cm wavelength w e  have obtained 
a decrease i n  b r igh tness  temperature near  t h e  edge of t h e  d i sk  by 
approximately 100°K, which is  i n  good agreement w i t h  t h e  r e s u l t s  
of measurements by "MARINER-2" [ 131 . The corresponding c a l c u l a t i o n  
for  t h e  3 c m  wavelength was i n  good agreement w i t h  t h e  r e s u l t s  of 
measurements of rad iobr ightness  d i s t r i b u t i o n  in .  this wavelength 
c a r r i e d  ou t  a t  the Main Astronomical Observatory (Pulkovo) , USSR [141. 

Summing up the  foregoing it may be said t h a t  t h e  r e s u l t s  
of t h e  r a d i o  astronomical  measurements are i n  good agreement 
w i t h  t h e  d a t a  obta ined  by A I S  "Venera-4". A t  t h e  same t i m e  it 
should be noted t h a t  t h e  b e s t  agreement between the c a l c u l a t e d  
spectrum T z , 2 ( L )  a d  t h e  r a d i o  astronomical  d a t a  takes  p lace  f o r  
Ts = 65OoK, i . e .  a t  a su r face  temperature h igher  by approximately 
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100° than  the  atmosphere temperature measured by "Venera-4". 
This fact  r e q u i r e s  a d d i t i o n a l  i n v e s t i g a t i o n s  and, apparent ly ,  
it w i l l  be e l u c i d a t e d  only i n  t h e  course of f u r t h e r  measure- 
ments. For t h e  t i m e  be.ing it is p o s s i b l e  t o  formuLate an ly  some 
suppos i t ions  on the p o s s i b l e  cause of t h e  i n d i c a t e d  d i v e r s i t y .  
Since AIS "Venera-4" measurements are related t o  a local region 
of Venus, w h i l e  r a d i o  astronomical measurements y i e l d  parameters 
averaged over t h e  e n t i r e  v i s ib le  d i s k ,  it may be assumed t h a t  
AIS "Venera-4'' landed i n  a mountainous region where su r face  
temperature and the near-surf ace atmosphere temperature,  which 
i s  equa l  t o  it, is  by about 100°K l o w e r  than t h e  average tempe- 
r a t u r e  of the  sur face .  A c a l c u l a t i o n  carried o u t  under t h i s  
assumption shows t h a t  i n  this case, the  atmospheric pressure  
a t  t h e  level of the mean s u r f a c e  may a t t a i n  50 a t m .  

Fig.  4 

Calcula ted  and measured dependences T ~ Q  (W 

For v a r i o u s  water  vapour c o n c e n t r a t i o n s :  
1). f o r  f H  = 0 . 0 0 4 ;  2 )  f o r  f H  = 0 . 0 0 2  

f o r  va??ous d r o p l e t - l i q u i d  6 a t e r  c o n t e n t s  
3 )  f o r  B = 0 . 1  g/cmi; 4 )  f o r  B = 0 . 3  g/cm2; 
5) f o r  B = 1 . 0  g/cm ; 6 )  f o r  B = 3 g/em2; 
7 )  f o r  B = IO g/cm2. 

The d i s t r i b u t i o n  of temperature and p res su re  i n  h e i g h t  can 
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53 

0.2 

41 

be obta ined  by s h i f t i n g  t h e  zero  level by 10-15 km (right-hand 
scale of a l t i t u d e s  i n  F ig .2) .  The c a l c u l a t e d  spectrum of T R ~ ( A ) ,  
computed under t h e  aforementioned assumptions on temperature and 
p res su re  is  p l o t t e d  i n  Fig.3 by a dashed l i n e .  It  can be seen 
t h a t  it i s  i n  good agreement w i t h , t h e  experiment. 
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Fig.  5 

Calcu la ted  and measured 
dependences oe f f ( h  ) 

Passing t o  t h e  a n a l y s i s  of t h e  r a d a r  measurements d a t a  

The 
on Venus, l e t  us  i n v e s t i g a t e  t h e  dependence of t h e  e f f e c t i v e  
c ross -sec t ion  o f  p l a n e t  r e f l e c t i o n  a e f f  on wavelength. 
q u a n t i t y  aef  
0.14 i n  t h e  $0 t o  20 cm wavelength range. I t  decreases  down 
t o  about 0.015 i n  the 3 cm range (Fig.5) [ 4 ,  15-171. Such a 
sharp  v a r i a t i o n  of a,ff can hard ly  be explained by t h e  frequency 
dependence of t h e  r e f l e c t i o n  f a c t o r  p ( A )  of t h e  matter of p la -  
n e t ' s  su r f ace .  The s h o r t  wave absorp t ion  i n  t h e  p l a n e t  atmos- 
phere s e e m s  more n a t u r a l .  

is approximately cons t an t  and is  equal  t o  about 

L e t  us see whether t h e  Venus' model atmosphere, based on 
AIS "Venera-4" d a t a ,  can ensure t h e  required absorpt ion.  The 
c a l c u l a t i o n  w a s  based on formula 
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i n  which it was assumed t h a t  X e f f o  = 0.14,  The r e s u l t s  of t h e  
c a l c u l a t i o n  are shown i n  Fig.5. The so l id  l i n e  corresponds t o  
t h e  c a l c u l a t i o n  for a p res su re  of 20 atm a t  the su r face  with 
0 . 4 %  of w a t e r  vapour. I n  t h i s  case the absorp t ion  i n  C02 and 
i n  w a t e r  vapour is i n s u f f i c i e n t  for t h e  agreement with t h e  ex- 
per imental  data, and t h e  presence must be assumed of some addi- 
t i o n a l ,  s t i l l  undetected agent  i n  t he  atmosphere, s t r o n g l y  ab- 
sorb ing  t h e  e lectromagnet ic  r a d i a t i o n  i n  t h e  3 cm band. Such 
an agent  could be dus t .  However, t o  ob ta in  the requi red  absorp- 
t i o n  i n  the l o w e r  atmosphere of Venus d u s t  should amount t o  
about 1 kg/cm2 1181. 

The dashed l i n e  i n  Fig.5 shows the r e s u l t s  of c a l c u l a t i o n  
fo r  a p res su re  of 50 atm a t  t h e  s u r f a c e  with 0.4% of w a t e r  vapour 
It  can be seen tha t  a t  p o  = 50 atm the  model atmosphere of Venus 
based on A I S  "Venera-4" measurements d a t a  is  i n  agreement with 
the r e s u l t s  of r a d i o  astronomical and radar measurements without  
having t o  involve  any hypo the t i ca l  absorbing agents  . 

A great i n t e r e s t  i s  also o f f e r e d  by the  comparison of 
r a d i o  astronomical  and radar data with the "MARINER-5" measure- 
ments 151 . Unfortunately,  t h e  temperatures and pressures ,  m e a -  
sured  by "MARINER-5", are r e f e r r i n g  t o  the d i s t a n c e  f r o m  t h e  
p l a n e t ' s  c e n t e r  of g r a v i t y .  Therefore, i n  o rde r  t o  reduce t h e m  
t o  the  a l t i t u d e  above the su r face  it i s  necessary t o  know the 
rad ius  of the su r face .  With RG-2 6056 km [191, determined by 
r ada r  measurements, t h e  e x t r a p o l a t i o n  of "MARINER-5" 's measure- 
ment d a t a  along t h e  ad iaba t  y i e l d s  a temperature and pressure  
of the  atmosphere a t  the p l a n e t  su r f ace  which are approximately 
800°K and 150 atm. The obtained temperature of t h e  atmosphere 
exceeds by 150% t h e  surface temperature which i s  t h e  best agree- 
ment w i t h  the data of radio astronomical measurements. A s t i l l  
greater divergence occurs  i n  t h e  case of radar measurements data 
The c a l c u l a t e d  dependence G e f f ( h )  f o r  po  = 150 atm is  shown i n  
Fig.5 by a dot-dash l i n e .  The absorpt ion of radioemission i n  
t h e  3 cm band i n  the atmosphere of 60, a t  150 atm pres su re  i s  so 
high t h a t  t h e  c a l c u l a t e d  value of t he  e f f e c t i v e  c ross -sec t ion  of 
t h e  radar r e f l e c t i o n  O e f f  = 0.14% must be one order l o w e r  than  
the measured -1.7%. On t h e  o t h e r  hand, for a p l a n e t  su r f ace  
r ad ius  equal  t o  6070-6085 k m ,  t h e  r e s u l t s  of "IvIARINER-5" measure- 
ments are i n  good agreement w i t h  the data of r a d i o  astronomical  
and r a d a r  measurements (with t h e  determinat ion of O e f f ( A )  i n  
p a r t i c u l a r ) .  I n  this case there e x i s t s  a complete agreement 
between the r e s u l t s  of measurements by "MARINER-5" and "VENERA-4" 

The astronomical ,  radioastronomical  and radar measurements, 
and e s p e c i a l l y  t h e  measurements c a r r i e d  o u t  on A I S  "Venera-4", 
have broadened considerably our  knowledge of Venus atmosDhere 
and have considerably reduced the  f i e l d  of hypotheses concerning 
t h e  phys ica l  condi t ions  on the p lane t .  
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The so lu t ion  of new and more spacific problems t h a t  have 
now arisen, w i l l  necessitate fur ther  investigations,  i n  which 
a major role w i l l  be played by subsequent f l i g h t s  towrd V e n u s .  

* * * THE END * * * 
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